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(57) ABSTRACT 

A motion control device for a vehicle is con?gured so that a 
hydraulic unit mounting therein a pump for generating a 
controlled hydraulic pres sure applied to respective Wheel cyl 
inders of the vehicle is integrated With a control unit provided 
With a yaW rate sensor for detecting a yaW rate of the vehicle 
and capable of controlling the hydraulic unit. The pump is 
composed of a pump drive section, drivingly rotated by a 
motor, and pumping sections Which perform a pump function 
With the rotation of the pump drive section. The yaW rate 
sensor, the motor and the pump are arranged to satisfy a 
positional relation that the extending direction of a detection 
axis of the yaW rate sensor does not coincide With both of the 
extending directions of a rotational axis of the motor and a 
rotational axis of the pump drive section. 

3 Claims, 8 Drawing Sheets 
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MOTION CONTROL DEVICE FOR VEHICLE 

INCORPORATION BY REFERENCE 

This application is based on and claims priority under 35 
U.S.C. 119 With respect to Japanese Applications No. 2006 
339980 ?led on Dec. 18, 2006 and No. 2007-291864 ?led on 
Nov. 9, 2007, the entire contents of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a motion control device for 
a vehicle Which integrally incorporates a hydraulic unit 
mounting therein a pump for generating a controlled hydrau 
lic pressure applied to respective Wheel cylinders of the 
vehicle and a control unit provided With a yaW rate sensor for 
detecting the yaW rate of the vehicle and capable of control 
ling the hydraulic unit. 

2. Discussion of the RelatedArt 

Heretofore, there has been knoWn a motion control device 
for a vehicle Which is shoWn in International Publication WO 
2005/039946 A1 (hereafter referred to as Patent Document 
1). As shoWn in FIGS. 1 and 2 of Patent Document 1, the 
motion control device includes a hydraulic unit (2, 3), a 
control unit (4) and a vehicle behavior sensor (5). The hydrau 
lic unit 3 is supported by a support bracket (10) through three 
support members (11). The motion control device has three 
support points (7, 8, 9) for supporting the hydraulic unit 3 on 
the support bracket (10). These support points de?ne one 
plane (E), and this plane is arranged to extend in the neigh 
borhood of the gravity center (S) of the motion control device. 

Further, there has been knoWn another motion control 
device for a vehicle Which is shoWn in US. Patent Application 
Publication No. US 2004/ 0102888 A1 (hereafter referred to 
as Patent Document 2) equivalent of International Applica 
tion Publication in Japan No. 2004-506572.As shoWn in FIG. 
4 of Patent Document 2, a valve block 19 is elastically sus 
pended from a holder 25 through a screW 24 and a damper 
element 22, and a controller unit 1 is secured to the holder 25 
through another screW 24' in a manner that vibration is not 
damped, Wherein an intermediate chamber or space 15 is 
provided to separate the controller unit 1 from the valve block 
19. A valve dome 12 Which protrudes from the valve block 19 
toWard the controller unit 1 is surrounded by a valve coil 16 
(magnetic plug) arranged in the controller unit 1. The valve 
coil 16 is connected by means of a connector member 13 
Which is elastic, conductive and removable, to a printed cir 
cuit board 8 in the controller unit 1. 

Further, there has been knoWn still another motion control 
device for a vehicle Which is shoWn in US. Patent Application 
Publication No. US 2004/0163470 A1 (hereafter referred to 
as Patent Document 3) equivalent of International Applica 
tion Publication in Japan No. 2004-535325 . As shoWn in FIG. 
9 of Patent Document 3, a bracket 16 constitutes a main body 
161 taking a generally U-letter shape, on Which an electroni 
cally operated hydraulic valve unit 162 is mounted. The 
hydraulic valve unit 162 includes an ECU (Electronic Control 
Unit) 163 Which carries at least one accelerometer and at least 
one angular velocity sensor. The hydraulic valve unit 162 is 
secured to the bracket 160 by means of plural threaded fas 
teners 164 (one only shoWn in the ?gure). Further, Where an 
ECU 20 is mounted directly on the vehicle, the mounting 
position is selectable so that motion sensors 24, 25 and 26 
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2 
shoWn in FIG. 3 of Patent Document 3 can be brought into 
alignment With respective reference axes of the vehicle cor 
responding thereto. 

In the motion control device described in Patent Document 
1, the directions in Which the three support members (11) 
support the hydraulic unit (3) are inparallel relations With one 
another. In other Words, the support directions extend in one 
direction only. Thus, so far as the one direction is concerned, 
the vibration inputted from a vehicle body can be appropri 
ately attenuated or damped, Whereby the transmission of the 
vibration Which is generated by the actuation of hydraulic 
devices in the motion control device can be suppressed prop 
erly. HoWever, it is unable to su?iciently reduce the in?uence 
that the vibration generated by the actuation of a pump (of a 
reciprocation type) being a hydraulic device exerts on a yaW 
rate sensor. 

Further, also in the motion control device described in 
Patent Document 2, the directions in Which at least three 
support points support the motion control device are in par 
allel relations With one another. In other Words, the support 
directions extend in one direction only. Thus, so far as the one 
direction is concerned, the vibration inputted from a vehicle 
body can be appropriately attenuated or damped, Whereby the 
transmission of the vibration Which is generated by the actua 
tion of hydraulic devices in the motion control device can be 
suppressed properly. HoWever, it is unable to suf?ciently 
reduce the in?uence that the vibration generated by the actua 
tion of a pump (of a reciprocation type) being a hydraulic 
device exerts on a yaW rate sensor. 

Further, With respect to the motion control device 
described in Patent Document 3, there is included a teaching 
“The motion sensors 24, 25 and 26 are in alignment With 
vehicle reference axes corresponding thereto”, but there is not 
included any speci?c teaching about the technique Which 
takes the mutual relation betWeen the pump (of the recipro 
cation type) being a hydraulic device and the yaW rate into 
consideration to reduce the in?uence that the vibration gen 
erated by the actuation of the pump exerts on the yaW rate 
sensor. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention 
to provide an improved motion control device for a vehicle 
Which is capable of reducing the in?uence that the vibration 
generated by the actuation of a pump being a hydraulic device 
exerts on a yaW rate sensor so that the accuracy of the motion 
control device in detecting the behavior of the vehicle can be 
enhanced. 

Brie?y, according to the present invention, there is pro 
vided a motion control device for a vehicle, Which comprises 
a hydraulic unit mounting therein a pump for generating a 
controlled hydraulic pres sure applied to respective Wheel cyl 
inders of the vehicle, and a control unit provided With a yaW 
rate sensor for detecting a yaW rate of the vehicle and capable 
of controlling the hydraulic unit, Wherein the hydraulic unit 
and the control unit are integrated. The pump is composed of 
a pump drive section drivingly rotated by a motor and a 
pumping section for performing a pump function With rota 
tion of the pump drive section. The yaW rate sensor, the motor 
and the pump are arranged to satisfy a positional relation that 
the extending direction of a detection axis of the yaW rate 
sensor differs from both of the extending directions of a 
rotational axis of the motor and a rotational axis of the pump 
drive section. 

With this construction, the yaW rate sensor, the motor and 
the pump are arranged to satisfy the positional relation that 
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the extending direction of the detection axis of the yaW rate 
sensor differs from both of the extending directions of the 
rotational axis of the pump and the rotational axis of the pump 
drive section. Thus, even When the driving of the pump drive 
section by the operation of the pump causes a rotational 
moment around the rotational axes to be applied to the motor 
and the pump, the yaW rate sensor can be suppressed from 
detecting the rotational behavior or movement of the motion 
control device caused by the rotational moment. Therefore, it 
can be realiZed to enhance the accuracy of the motion control 
device in detecting the behavior of the vehicle. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

The foregoing and other objects and many of the attendant 
advantages of the present invention may readily be appreci 
ated as the same becomes better understood by reference to 
the preferred embodiments of the present invention When 
considered in connection With the accompanying draWings, 
Wherein like reference numerals designate the same or corre 
sponding parts throughout several vieWs, and in Which: 

FIG. 1 is a schematic vieW shoWing a ?rst embodiment of 
a motion control device With a rotary pump for a vehicle 
according to the present invention; 

FIG. 2 is a front vieW of the motion control device Which is 
mounted on a vehicle body through a bracket; 

FIG. 3 is a top vieW of the motion control device Which is 
mounted on the vehicle body through the bracket; 

FIG. 4 is a side vieW of the motion control device Which is 
mounted on the vehicle body through the bracket; 

FIG. 5 is a fragmentary vieW showing the state of support 
ing the motion control device by means of an elastic support 
member; 

FIG. 6 is an explanatory vieW shoWing the positional rela 
tions of a yaW rate sensor and an acceleration sensor, arranged 
on a control board, relative to a pump; 

FIG. 7 is a sectional vieW shoWing the construction of the 
rotary pump incorporated in the motion control device shoWn 
in FIG. 1; 

FIG. 8 is a schematic vieW shoWing a second embodiment 
of a motion control device With a piston pump for a vehicle 
according to the present invention; 

FIG. 9 is a right side vieW of the motion control device 
shoWn in FIG. 8; and 

FIG. 10 is a fragmentary sectional vieW shoWing a partial 
construction of the piston pump shoWn in FIG. 8. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

Hereinafter, a ?rst embodiment of a motion control device 
for a vehicle according to the present invention Will be 
described With reference to the accompanying draWings. FIG. 
1 is a schematic vieW shoWing a hydraulic brake system 10 
incorporating the motion control device 13. FIGS. 2 to 4 are 
a front vieW, a top vieW and a side vieW each shoWing the 
motion control device 13 Which is supported on a vehicle 
body B of a vehicle M through a bracket 70. 

The hydraulic brake system 10 applies brake forces to 
Wheels W (one only shoWn for brevity) of the vehicle M. As 
shoWn in FIG. 1, the hydraulic brake system 10 is provided 
With a master cylinder 12, Wheel cylinders WC (one only 
shoWn for brevity), the motion control device 13 and a reser 
voir tank 14. 
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The master cylinder 12 generates a hydraulic pressure 

(base hydraulic pres sure) depending on a brake manipulation 
state Which is brought about by the stepping of a brake pedal 
11, and applies the hydraulic pressure to the Wheel cylinders 
WC Which restrict rotations of the Wheels W of the vehicle M. 
It is to be noted that the vehicle M has four Wheels W and four 
Wheel cylinders WC associated thereWith. In FIG. 1, only one 
of the four Wheels W is shoWn for brevity. 

Each Wheel cylinder WC is provided in a caliper CL and 
receives a pair of pistons (not shoWn) Which are ?uid-tightly 
slidable therein. When each Wheel cylinder WC is supplied 
With the base hydraulic pressure or a controlled hydraulic 
pressure, the pistons push a pair of brake pads (not shoWn) 
being friction members and close in on a disc rotor DR being 
a rotational member from both sides to restrict rotation of the 
disc rotor DR. The brake pads and the disc rotor DR constitute 
a friction brake. 

Although a disc type brake is employed in this particular 
embodiment, there may be employed a drum type brake. In 
this modi?ed form, When each Wheel cylinder WC is supplied 
With the base hydraulic pressure or the controlled hydraulic 
pressure, each piston pushes or expands a pair of brake shoes 
(not shoWn) and brings the same into contact With an internal 
surface of a brake drum (not shoWn) rotating bodily With each 
Wheel W to restrict rotation of the Wheel W. 
The motion control device 13 is a single structure (integral 

con?guration) composed of a hydraulic unit 21 and a control 
unit 22 Which are integrated With each other. The hydraulic 
unit 21 mounts a plurality of hydraulic devices for individu 
ally controlling the hydraulic pressures applied to the respec 
tive Wheel cylinders WC of the vehicle M. The control unit 22 
is provided With vehicle behavior sensors 60 for detecting the 
behavior of the vehicle M, and the vehicle behavior sensors 
60 are capable of controlling the hydraulic unit 21. 
The hydraulic unit 21 is of the type Well-knoWn in the art 

and is constituted by packaging in a single case differential 
pressure control valves, pressure increasing valves, pressure 
reducing valves, a reservoir, a pump, an electric motor for 
driving the pump, and the like. The pressure increasing valves 
and the pressure reducing valves serves as ABS control 
valves. The hydraulic unit 21 is capable of applying the base 
hydraulic pressure form the master cylinder 12 directly to the 
Wheel cylinders WC. The hydraulic unit 21 is also capable of 
applying controlled hydraulic pres sures, Which are generated 
by actuating the pump and by controlling the differential 
pressure control valves, to the Wheel cylinders WC of the 
respective Wheels W. That is, the hydraulic unit 21 is not only 
capable of generating in the Wheel cylinders WC the hydrau 
lic pressure (the base hydraulic pressure) depending on the 
manipulation state (i.e., the stepping state) of the brake pedal 
11 by the driver, but also capable of controlling hydraulic 
pressures (controlled hydraulic pressures) to the Wheel cyl 
inders WC regardless of the manipulation state (i.e., the step 
ping state) of the brake pedal 11 by the driver. 
The hydraulic unit 21 is provided With a main body 23 

made of a metal material and taking a generally hexahedral 
shape. As shoWn schematically in FIG. 1, the main body 23 
communicates With the master cylinder 12 through a piping 
17 and also communicates With the Wheel cylinders WC 
through another piping 18. More speci?cally, the right side 
surface (as vieWed in FIG. 1) of the main body 23, that is, a 
motor mounting surface 23a to Which the electric motor 33 is 
attached is provided With tWo ports P1, P2 (shoWn in FIG. 4), 
Which communicate respectively With tWo ports (one only 
shoWn in FIG. 1) of the master cylinder 12. Ports P3-P6 
(shoWn in FIG. 3) are formed on the top surface or a port 
forming surface 230 of the main body 23 and communicate 
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respectively With the Wheel cylinders WC (one only shown in 
FIG. 1). Thus, the piping 17 is composed oftWo ?uid pipes or 
conduits, While the piping 18 is composed of four ?uid pipes 
or conduits. 

Oil passages communicating With the respective ports 
P1-P6 are formed in the main body 23. The oil passages have 
arranged thereon the differential pressure control valves, 
electromagnetic valves 31 as the pressure increasing control 
valves and the pressure reducing control valves Which serve 
as the ABS control valves, the reservoir (not shoWn), the 
pump 32 and the like. The differential pressure control valves, 
the electromagnetic valves 31 as the pressure increasing con 
trol valves and the pressure reducing control valves Which 
serve as the ABS control valves, and the pump 32 are hydrau 
lic devices for individually controlling hydraulic pressures 
applied to the respective Wheel cylinders WC. 
As shoWn in FIG. 1, the electromagnetic valves 31 are 

assembled onto a control unit mounting surface 23b Which is 
a surface (left side surface) of the main body 23 opposite to 
the motor mounting surface 23a and to Which the control unit 
22 is attached. The electromagnetic valves 31 are attached to 
the main body 23 With their solenoid sections protruding in a 
?rst chamber R1. Terminals 31b3 of each electromagnetic 
valve 31 pass through a bulkhead 41b and are soldered at their 
extreme ends to the control board 50. Terminals 31b3 of each 
electromagnetic valve 31 may be connected to the control 
board 50 indirectly through busbars or the like. The electro 
magnetic valves 31 may be linear valves (e.g., differential 
pressure control valves) or may be ON-OFF shutoff valves 
(e.g., ABS control valves). 
The pump 32 is a rotary pump and is arranged in the main 

body 23. The pump 32 is driven by the electric motor 33. 
Whenever required, the pump 32 is driven by the operation of 
the electric motor 33 assembled on the motor mounting sur 
face 23a of the main body 23 and draWs brake ?uid from the 
reservoir (not shoWn) provided in the main body 23 or from 
the master cylinder 12 through suction shutoff valves (not 
shoWn). 
As the rotary pump, there is used a gear pump or a vane 

pump. A gear pump (trochoid pump) is generally Well knoWn 
and discharges ?uid from a gear meshing area upon rotations 
of tWo gears (i.e., an external gear and an internal gear) 
contained in a housing. In the trochoid pump, the internal gear 
and the external gear are eccentric. The external gear arranged 
inside the internal gear is driven by an electric motor. 

Speci?cally, as shoWn in FIG. 7, the pump 32 is composed 
of a pump drive section 32b driven by the electric motor 33 
and a plurality (tWo in this particular embodiment) of pump 
ing sections 320 each for performing a pump function With 
rotation of the pump drive section 32b. 

The pump drive section 32b is composed of a shaft 32b1 
coupled to an output shaft 33b of the motor 33 and torque pins 
32b2 Which rotationally joint the shaft 32b1 With external 
gears 3201. Each pumping section 320 is composed of the 
external gear 3201 coaxial and rotatable bodily With the shaft 
32b1 and an internal gear 3202 meshing at its internal gear 
portion With the external gear 3201. Each internal gear 3202 is 
held eccentric and rotatable relative to the external gear 3201. 
The both gears 3201, 3202 mesh With each other at an arcuate 
area (meshing area), and a space is provided at a portion 
Which is radially opposite to the arcuate meshing area and at 
Which they do not mesh With each other. A suction port 3203 
is arranged on one side of the arcuate meshing area (i.e., on 
the side ahead of the arcuate meshing area), While a discharge 
port 3204 is arranged on the other side of the arcuate meshing 
area (i.e., on the side behind the arcuate meshing area). As 
each external gear 3201 is rotated by the operation of the 
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6 
motor 33, each internal gear 3202 is also rotated to change the 
meshing relation betWeen the external gear 3201 and the 
internal gear 3202. As a result, brake ?uid is draWn from the 
suction port 3203 and is discharged from the discharge port 
3204. That is, With rotation of the pump drive section 32b, 
each pumping section 320 is rotationally driven to perform a 
pump function. 
The respective pumping sections 320 are arranged in series 

along the rotational axis 32a of the pump drive section 32b, 
and the tWo adjacent pumping sections 320 have respective 
suction ports 3203, 3203 arranged on radially opposite sides 
With respect to the rotational axis of the pumping sections 320 
(Which coincides With the rotational axes 32a, 33a in this 
particular embodiment) and respective discharge ports 3204, 
3204 arranged on radially opposite sides With respect to the 
rotational axis of the pumping sections 320. In other Words, 
the suction port 3203 of one of the tWo adjacent pumping 
sections 320 is radially opposite to the suction port 3203 of the 
other pumping section 320 With the rotational axis 32a of the 
shaft 32b1 therebetWeen, and likeWise, the discharge port 
3204 of the one pumping section 320 is radially opposite to 
the discharge port 3204 of the other pumping section 320 With 
the rotational axis 32a of the shaft 32b1 therebetWeen. In the 
rotary pump 32 With the tWo internal gears 3202 eccentric 
With the rotational axis 3211, the adjacent internal gears 3202, 
3202 can be arranged in an alternate fashion by arranging the 
suction port 3203 and the discharge port 3204 of one pumping 
section 320 on radially opposite sides of those of the other 
pumping section 320 With respect to the rotational axis of the 
pumping sections 320 (Which coincides With the rotational 
axes 32a, 33a in this particular embodiment). 

Further, in the rotary pump 32, the rotational axis 33a of the 
motor 33 is a center axis of the output shaft 33b and in axial 
alignment With the rotational axis 32a of the shaft 32b1 or the 
pump drive section 32b. 
A vane pump is also generally Well knoWn, in Which a rotor 

With a plurality of vanes radially arranged therein is rotatably 
contained in a housing. With rotation of the rotor, respective 
volumes each partitioned With tWo adjoining vanes discharge 
?uid by repeating expansions and contractions due to the 
eccentricity of the rotor from the housing. 
A pulsation frequency of the pump 32 is set to be higher 

than a detection frequency band (referred to later) of the yaW 
rate sensor 61. The pulsation frequency of the pump 32 
depends on the number of pump gear teeth and the pump 
rotational speed. Therefore, it is possible to set the number of 
the gear teeth and the rotational speed so that the pulsation 
frequency of the pump 32 becomes higher than the detection 
frequency band of the yaW rate sensor 61. 

In addition to the aforementioned motor mounting surface 
23a, control unit mounting surface 23b and port forming 
surface 230, the main body 23 also has a surface (loWer 
surface shoWn in FIG. 2) 23d opposite to the port forming 
surface 230, a connector surface (back surface shoWn in FIG. 
4) 230 aligned With a connector forming surface 220 of the 
control unit 22 provided With a connector 22g, and a surface 
(front surface shoWn in FIG. 4) 23f opposite to the connector 
surface 230. 
As shoWn in FIG. 1, the control unit 22 is composed of a 

casing 40 and the control board 50. The casing 40 is com 
posed ofa case 41 and a cover 42. 

The case 41 takes the shape of a tray having an opening 
41a. The case 41 is made of a synthetic resin and bodily has 
a base portion 41b, forming the aforementioned bulkhead, 
and a side or lateral portion 410 upstanding from the circum 
ferential edge of the base portion 41b. The opening end (ex 
treme end of the lateral portion 410) of the opening 41a is held 
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in contact airtightly With the control unit mounting surface 
23b of the main body 23 of the hydraulic unit 21. The ?rst 
chamber R1 for accommodating or containing the electro 
magnetic valves 31 is formed betWeen the main body 23 and 
the case 41. 

The cover 42 takes the shape of a tray having an opening 
42a. The cover 42 is made of a synthetic resin and bodily has 
a base portion 42b and a side or lateral portion 420 upstanding 
from the circumferential edge of the base portion 42b. The 
opening end (extreme end of the lateral portion 420) of the 
opening 42a is adhered by vibration Welding or the like to the 
circumferential portion of the bulkhead or base portion 41b of 
the case 41. A second chamber R2 for accommodating or 
containing the control board 50 is formed betWeen the case 41 
and the cover 42. 
As described above, the casing 40 has the opening 41a and 

is attached to the main body 23 With the opening end being 
air-tightly contacted With the control unit mounting surface 
23b of the main body 23 to cover the electromagnetic valves 
31. 

Further, the base portion 41b of the case 41 forms the 
bulkhead Which partitions the interior of the casing 40 into the 
?rst chamber R1 and the second chamber R2. The bulkhead 
41b is arranged to face the control board 50. 

Support pillars 45 Which support the control board 50 are 
formed on the bulkhead 41b bodily With the case 41. The 
support pillars 45 support and hold the control board 50 by 
engaging snap ?tting portions 45a formed at their extreme 
ends With engaging holes Which are formed to pass through 
the control board 50 at, e.g., four corners of the same. 

The control board 50 controls the electric motor 33 (hence, 
the pump 32) and the respective electromagnetic valves 31 in 
response to signals inputted from Wheel speed sensors (not 
shoWn) for detecting rotational speeds (Wheel speeds) of the 
Wheels W and the vehicle behavior sensors 60 and performs 
an ordinary brake control, an anti-lock brake control (ABS), 
a side skid prevention control (ESC) and the like. 

In the ordinary brake control, the base hydraulic pressure 
Which is generated from the master cylinder 12 upon the 
manipulation or stepping of the brake pedal 11 is supplied as 
it is to the respective Wheel cylinders WC to apply a brake 
force to each Wheel W. At this time, the differential pressure 
control valves and the pressure increasing control valves 
remain deenergiZed to be in an open state, the pressure reduc 
ing control valves also remain deenergiZed to be in a closed 
state, and the pump 32 is out of operation. 
The anti-lock brake control is a control that prevents any 

Wheel from being locked during a braking operation to secure 
an optimum brake force, the vehicle stability and the steer 
ability even on a slippery road surface or the like. In this 
control, When being in a braking operation by the manipula 
tion of the brake pedal 11 is detected, a control is executed to 
apply an optimum brake force to each Wheel so that the 
difference betWeen each Wheel speed and the vehicle body 
speed should not reach a predetermined value or over. 

Speci?cally, in order that each pair of the pressure increas 
ing control valve and the pressure reducing control valve 
Which pair are assigned to each Wheel W are brought into a 
pressure increasing mode, a pressure retention mode and a 
pressure reducing mode in turn, the pressure increasing con 
trol valve and the pressure reducing control valve are ener 
giZed or deenergiZed in dependence on each mode. The pres 
sure increasing control valve and the pressure reducing 
control valve of each pair are kept both deenergiZed to be in 
the open state and the closed state respectively in the pressure 
increasing mode, are energiZed and deenergiZed respectively 
to be held both in the closed state in the pressure retention 
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mode, and are both energiZed to be in the closed state and the 
open state in the pressure reducing mode. The remaining 
Wheels are controlled in the same manner. In addition, during 
the ABS control, a control operation is executed so that the 
electric motor 33 is electri?ed to drive the pump 32. 

The side skid prevention control is a control that secures 
the stability of the vehicle by automatically controlling the 
braking operation and/ or the operation of a combustion 
engine (not shoWn) When it is detected that the vehicle mak 
ing a turn tends to skid laterally. In this control, When the yaW 
rate sensor 61 detects that the vehicle is turning, the applica 
tion of a brake force to any selected Wheel and the control of 
the engine poWer are performed to keep Within a predeter 
mined range the difference betWeen an actual yaW rate 
detected by the yaW rate sensor 61 and a target yaW rate Which 
is calculated based on a vehicle body speed, a vehicle steering 
angle and a stability factor. 

For example, When the rear Wheels tend to skid laterally 
during a left turn, a control to apply a brake force to the front 
right Wheel only is executed to suppress the tendency. At this 
time, the electric motor 33 is electri?ed to operate the pump 
32. The differential pressure control valve arranged betWeen 
the master cylinder 12 and the Wheel cylinder for the front 
right Wheel is energiZed to be placed in a differential pressure 
generating state, and the pressure increasing control valve 
and the pressure reducing control valve Which are associated 
With each of other Wheels than the front right Wheel are 
respectively energiZed and deenergiZed to be brought all into 
the closed state not to apply a hydraulic pressure to any other 
Wheel than the front right Wheel, Whereas the pres sure 
increasing control valve and the pressure reducing control 
valve Which are associated With the front right Wheel are both 
deenergiZed to be placed respectively in the open state and the 
closed state. 

The vehicle behavior sensors 60 detect the behavior of the 
vehicle M. The vehicle behavior sensors 60 are mounted on 
the control board 50. In this particular embodiment, the 
vehicle behavior sensors 60 include the yaW rate sensor 61 for 
detecting the yaW rate of the vehicle M and an acceleration 
sensor 62 for detecting the acceleration in a front-rear direc 
tion and a left-right direction of the vehicle M. In this particu 
lar embodiment, the yaW rate sensor 61 and the acceleration 
sensor 62 are discrete elements. There may be used a vehicle 
behavior sensor 60 Which integrally incorporate the yaW rate 
sensor 61 and the acceleration sensor 62 therein. 

The yaW rate sensor 61 is for example a vibration type yaW 
rate sensor Which incorporates therein a vibration member 
(also serving as a detection portion) like a tuning fork. When 
the vibration member to Which excitation vibration is applied 
in an exciting direction normal to the rotational axis of the 
vibration member is given an yaW rate around the rotational 
axis, a Coriolus force proportional to the yaW rate is generated 
in a detection direction Which is perpendicular to the rota 
tional axis as Well as to the exciting direction, that is, detec 
tion vibration is generated. The yaW rate sensor 61 outputs the 
displacement signal of the detection vibration to the control 
board 50. Alternatively, there may be used a yaW rate sensor 
of the type that is provided With a vibration member consti 
tuted by a square-shape Weight (mass) having a comb teeth 
electrode to vibrate. 

The yaW rate sensor 61 is arranged in the vehicle M to make 
the rotational axis of the vibration member placed in align 
ment or parallel With a yaWing direction rotational axis of the 
vehicle M, that is, an axis Which is positioned around at the 
gravity center of the vehicle M to extend in a direction normal 
to a horiZontal surface. 



US 7,769,5 19 B2 

The rotational axis of the vibration member is a detection 
axis 61a of the yaW rate sensor 61. The yaW rate sensor 61 and 
the pump 32 are arranged to satisfy a positional relation that 
the extending direction of the detection axis 61a of the yaW 
rate sensor 61 does not coincide With (i.e., differs from) the 
extending direction of the rotational axis 32a of the pump 32 
and the rotational axis 33a of the motor 33, as shoWn in FIG. 
1. For example, it is preferable that there is satis?ed a posi 
tional relation that the detection axis 61a is orthogonal to the 
rotational axis 32a of the pump 32 and the rotational axis 33a 
of the motor 33. 

The acceleration sensor 62 is provided With a mass Which 
is supported by a beam, for example. The acceleration sensor 
62 measures a strain of the beam Which is bent When accel 
eration acts on the vehicle M, and outputs the strain as a 
detection signal to the control board 50. 

Further, it is desirable that the yaW rate sensor 61 and the 
acceleration sensor 62 are disposed on the control board 50 
and at a position Which is adjacent to respective support 
points given by elastic support members 81-83 referred to 
later. Further, it is desirable that the yaW rate sensor 61 and the 
acceleration sensor 62 are disposed or mounted on the control 
board 50 and in an area A10 corresponding to the pump 32, as 
shoWn in FIG. 6, or at a position adjacent to the area A10. To 
be more exact, the area A10 is de?ned as that area to Which the 
contour or pro?le of the cross-section of the largest-diameter 
rotational part of the pump 32, that is, the cross-section con 
tour or pro?le of the internal gear 3202 is projected on the 
control board 50. The area A10 covers an area Which is 
radially in a predetermined distance around the rotational axis 
32a of the pump 32. FIG. 6 shoWs the control board 50 as 
vieWed from the left side of the vehicle. 

Further, a reservoir tank 14 shoWn in FIG. 1 stores brake 
?uid and supplies the ?uid to the master cylinder 12 and the 
hydraulic unit 21. The reservoir tank replenishes brake ?uid 
to the master cylinder 12 through a piping 19. 

The motion control device 13 as constructed above is sup 
ported by the bracket 70, secured to the vehicle body B of the 
vehicle M, through the three (i.e., ?rst to third) elastic support 
members 81-83. As shoWn in FIGS. 2 to 4, the bracket 70 is 
con?gured to have a support portion 71 and a ?xing portion 72 
provided to extend from the support portion 71. 

The support portion 71 is formed to bodily connect a ?rst 
plate 7111, a second plate 71b and a third plate 710 With one 
another and supports the motion control device 13. 

The ?rst plate 71a extends to face the motor mounting 
surface 23a in parallel relation, as shoWn mainly in FIGS. 3 
and 4. The ?rst elastic support member 81 is securely ?tted in 
the ?rst plate 71a. The ?rst elastic support member 81 is 
jointed With the motor mounting surface 2311 by means of a 
clamping bolt 91 Which passes through the ?rst elastic sup 
port member 81. Thus, the motor mounting surface 23a is 
supported by the ?rst plate 7111 through the ?rst elastic sup 
port member 81. The support direction by the ?rst elastic 
support member 81 is the axial direction of the ?rst elastic 
support member 81, that is, a direction Which is normal to the 
motor mounting surface 23a and parallel to an X-axis direc 
tion (refer to FIGS. 2 and 3). 

The X-axis, aY-axis and a Z-axis are three coordinate axes 
of a three-dimensional coordinate system having Cartesian 
coordinates. The X-axis direction is the left-right direction as 
vieWed in FIG. 2 and coincides With, for example, the left 
right direction of the vehicle M. The Y-axis direction is the 
vertical direction as vieWed in FIG. 2 and coincides With the 
vertical direction of the vehicle M. The Z-axis direction is the 
direction normal to the draWing sheet of FIG. 2 and coincides 
With, for example, the front-rear direction of the vehicle M. 
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As shoWn mainly in FIG. 2, the second plate 71b extends to 

face the surface 23d opposite to the port forming surface 230 
in parallel relation. The second elastic support member 82 is 
securely ?tted in the second support plate 71b. The second 
elastic support member 82 is jointed With the surface 23d by 
means of a clamping bolt 92 Which passes through the second 
elastic support member 82. Thus, the surface 23d is supported 
by the second plate 71b through the second elastic support 
member 82. The support direction by the second elastic sup 
port member 82 is the axial direction of the second elastic 
support member 82, that is, a direction Which is normal to the 
surface 23d and parallel to theY-axis direction (refer to FIGS. 
2 and 4). 
As shoWn mainly in FIGS. 2 to 4, the third plate 710 

extends to face the surface 23f opposite to the connector 
surface 23e in parallel relation. The third elastic support 
member 83 is securely ?tted in the third support plate 710. 
The third elastic support member 83 is jointed With the sur 
face 23fby means of a clamping bolt 93 Which passes through 
the third elastic support member 83. Thus, the surface 23f is 
supported by the third plate 710 through the third elastic 
support member 83. The support direction by the third elastic 
support member 83 is the axial direction of the third elastic 
support member 83, that is, a direction Which is normal to the 
surface 23f and parallel to the Z-axis direction (refer to FIGS. 
3 and 4). 

Desirably, the support points A1-A3 of the motion control 
device 13 by the respective elastic support members 81-83 are 
on the respective surfaces 23a, 23d and 23f supported by the 
respective elastic support members 81-83, and the respective 
points A1-A3 are at portions Which are spaced apart from a 
corner point P10 de?ned by the three surfaces 23a, 23d, 23], 
longer distances than the distances betWeen the centers of the 
respective surfaces 23a, 23d, 23f and the comer point P10. 
The respective points A1-A3 are spaced from one another 
beyond respective predetermined distances. The respective 
predetermined distances are set to respective half values of 
the distances betWeen the respective support points Where the 
respective support points are set to respective corner points 
opposite to the comer point P10 on the respective surfaces. 

The support point A1 is provided on the surface 23a and at 
the edge of a side (an intersection line betWeen the surfaces 
23a and 23e) Which is opposite to the corner point P10, as 
shoWn in FIG. 4. The support point A2 is on the surface 23d 
and at the edge of a side (an intersection line betWeen the 
surfaces 23d and 23b) Which is opposite to the corner point 
P10, as understood from FIGS. 2 and 4. The support point A3 
is on the surface 23f and in the neighborhood, or at the edge, 
of a side (an intersection line betWeen the surfaces 230 and 
23]) Which is opposite to the comer point P10. 

Further, each of the aforementioned elastic support mem 
bers 81-83 supports the motion control device 13 With itself 
being compressed in the support direction thereof. This Will 
be described in detail by taking the ?rst elastic support mem 
ber 81 as an example. As shoWn in FIG. 5, the ?rst elastic 
support member 81 is made of an elastic material (e.g., rubber 
material) and formed into a cylindrical shape. The ?rst elastic 
support member 81 has a through hole 81a formed at the 
center to extend in the axial direction and also has an annular 
groove 81b formed on the external Wall surface in the middle 
of the axial direction. The through hole 81a receives a sleeve 
portion 85a of a ?rst ?tting metal 85, and the clamping bolt 91 
passes through the sleeve portion 85a. The annular groove 
81b alloWs the edge portion of a cutout portion 71111 (or a hole 
portion) of the ?rst plate 71 a to ?tted therein, so that a ?rst 
portion 810 and a second portion 81d partitioned by the annu 
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lar groove 81b hold the edge portion of the cutout portion 
71111 (or the hole portion) of the ?rst plate 71a. 

The ?rst ?tting metal 85 is composed of the sleeve portion 
85a and a ?ange 85b jointed With one end of the sleeve portion 
85a. In order to bring the ?ange 85b into abutting engagement 
With the surface 23a of the motion control device 13, the 
sleeve portion 85a of the ?rst ?tting metal 85 is inserted into 
the through hole 81a of the ?rst elastic support member 81 
from the side of the second portion 81d. A Washer (second 
?tting metal) 86 is arranged on the side of the other end 
portion of the ?rst ?tting metal 85. The ?rst elastic support 
member 81 is jointed With the motor mounting surface 23a by 
screWing the clamping bolt 91 into a threaded hole opening on 
the motor mounting surface 2311, With the itself being put 
betWeen the ?rst ?tting metal 85 and the Washer 86. The 
clamping bolt 91 is screWed into the motor mounting surface 
23a at right angles to the same, so that the axial direction of 
the ?rst elastic support member 81 becomes normal to the 
motor mounting surface 23a. 

The entire length of the sleeve portion 85a is set to be 
shorter than the axial length of the ?rst elastic support mem 
ber 81. When the clamping bolt 91 is put into screW engage 
ment, the ?rst elastic support member 81 is compressed axi 
ally to bring the Washer 86 into abutting engagement With the 
?rst ?tting metal 85, so that the rigidity of the ?rst elastic 
support member 81 in the axial direction can be set to a 
prescribed value. 

The ?xing portion 72 secures the support portion 71 to the 
vehicle body B. As mainly shoWn in FIG. 3, the ?xing portion 
72 is composed of ?rst to fourth ?xing portions 72a-72d. The 
?rst ?xing portion 72a is provided on the gravity center G side 
of the motion control device 13 With respect to one plane 
Which includes all of the support points A1-A3 by the elastic 
support members 81-83, and is jointed With a front right 
portion of the support portion 71. The second ?xing portion 
72b is provided on a side opposite to the gravity center G of 
the motion control device 13 With respect to the one plane and 
is jointed With a back left portion of the support member 71. 
The third ?xing portion 720 is jointed With a front left portion 
of the support portion 71. The fourth ?xing portion 72d is 
jointed With a back right portion of the support portion 71. 
The ?rst to fourth ?xing portions 72a-72d are secured at their 
base portions to the vehicle body B by means of, e.g., respec 
tive clamping bolts (not shoWn). 

It is desirable that the ?xing portion 72 should be composed 
of three or more ?xing portions including at least the ?rst 
?xing portion 72a and the second ?xing portion 72b. 

Further, the elastic support members 81-83 are con?gured 
to make a resonance point of the motion control device 13 
higher than a detection frequency band of the yaW rate sensor 
61. The detection frequency band of the yaW rate sensor 61 is 
a band Width to detect the yaW rate (yaWing) of the vehicle M 
and is less than 10-20 HZ for example. In order to make the 
resonance point of the motion control device 13 higher than 
the detection frequency band of the yaW rate sensor 61, the 
rigidity of the elastic support members 81-83 is increased in 
the folloWing manner. For example, each elastic support 
member 81-83 may be increased in hardness, may be made to 
be short in the thickness in the axial direction, or may be 
increased in interference. 

Further, it is desired that the bracket 70 is structured to 
make the resonance point of the motion control device 13 
higher than the detection frequency band of the yaW rate 
sensor 61. This can be done, for example, by increasing the 
hardness of the bracket 70 or by increasing the thickness of 
the bracket 70. This can also be done, for example, by increas 
ing the rigidity of each elastic support member 81-83 only, by 
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12 
increasing the rigidity of the bracket 70 only or by increasing 
the rigidities of the both members. 

Further, in a modi?ed form, the motion control device 13 
may be secured directly to the bracket 70 Which is secured 
directly to the vehicle body B, Without using the elastic sup 
port members 81-83. 

Further, as shoWn in FIG. 4, the motion control device 13 is 
supported by the bracket 70 so that the rotational axis 32a of 
the pump 32 or an extension line of the rotational axis 32a 
passes through an area S1 Which is de?ned by connecting the 
support points A1-A3 for the motion control device 13. 
As is clear from the foregoing description, in the ?rst 

embodiment, the yaW rate sensor 61, the motor 33 and the 
rotary pump 32 are arranged to satisfy a positional relation 
that the extending direction of the detection axis 61a of the 
yaW rate sensor 61 does not coincide With (hence, differs 
from) both of the extending directions of the rotational axes 
33a, 32a ofthe motor 33 and the rotary pump 32. Thus, even 
When the driving of the pump drive section 32b by the opera 
tion of the motor 33 causes a rotational moment around the 
respective rotational axes 33a, 32a to be applied to the motor 
33 and the pump 32, the yaW rate sensor 61 can be suppressed 
from detecting the rotational behavior or movement of the 
main body 23 caused by the rotational moment. Therefore, it 
can be realiZed to enhance the accuracy of the motion control 
device 13 in detecting the behavior of the vehicle. 

Further, the pump 32 is a rotary pump, and the pumping 
sections 320 are rotated With rotation of the pump drive sec 
tion 32b to perform the pump function. Thus, it is easy to 
smoothen the pulsation of the pumping sections 320, and 
hence, it can be realiZed to further suppress the vibration of 
the pump per se by the use of the rotary pump 32. 

Further, the pump 32 has the plurality of pumping sections 
320, Which are arranged in series along the rotational axis 32a 
of the pump drive section 32b, and tWo adjacent pumping 
sections 32b have respective suction ports 32c3 arranged on 
radially opposite sides With respect to the rotational axis of 
the pumping sections 320 (Which coincides With the rota 
tional axes 32a, 33a in this particular embodiment) and 
respective discharge ports 32c4 arranged on radially opposite 
sides With respect to the rotational axis of the pumping sec 
tions 320. Thus, since the pumping sections 320 are arranged 
With good balance for rotation to reduce the ?uctuation in 
rotational load of the pump drive section 32b, it can be real 
iZed to suppress the vibration during the pump operation to a 
loW level. 

Further, the motion control device 13 is supported on the 
vehicle body B of the vehicle M through the elastic support 
members 81-83 and the bracket 70, and both of the elastic 
support members 81-83 and the bracket 70 are structured or 
con?gured to make the resonance point of the motion control 
device 13 higher than the detection frequency band of the yaW 
rate sensor 61. Thus, When the vibration generated by the 
operation of the rotary pump 32 causes the motion control 
device 13 to resonate, the in?uence on the yaW rate sensor 61 
of the vibration generated by the operation of the rotary pump 
32 can be excluded to the utmost because the resonance 
frequency is higher than the detection frequency band of the 
yaW rate sensor 61. Therefore, the accuracy in detecting the 
behavior of the vehicle can be further enhanced. 

The motion control device 13 may be secured directly to 
the bracket 70 Which is secured directly to the vehicle body B 
of the vehicle M, Without using the elastic support members 
81-83. In this modi?ed form, since the resonance frequency 
of the motion control device 13 is much higher than the 
detection frequency band of the yaW rate sensor 61, the in?u 
ence on the yaW rate sensor 61 of the vibration generated by 
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the operation of the rotary pump 32 can be excluded to the 
utmost even When vibration is generated by the rotation of the 
rotary pump 32. Therefore, the detection accuracy in detect 
ing the behavior of the vehicle can be further enhanced. 

Further, the motion control device 13 is supported by the 
bracket 70 so that the rotational axis 32a of the rotary pump 
32 or an extension line of the rotational axis 32a passes 
through the area S1 Which is de?ned by connecting the sup 
port points A1-A3 for the motion control device 13. Thus, 
When the operation of the rotary pump 32 causes the motion 
control device 13 to suffer revolution ?uctuation around the 
rotational axis 3211, the bracket 70 can absorb the revolution 
?uctuation in a Well-balanced manner, so that it can be real 
iZed to reduce the in?uence of the revolution ?uctuation 
attributed from the rotary pump 32. 

Further, the control unit 22 contains the control board 50, 
and the yaW rate sensor 61 is arranged on the control board 50 
and in the area A10 Which corresponds to (i.e., is de?ned by 
the projection on the control board 50 of) the cross-section 
contour or pro?le of the largest-diameter rotational part of the 
rotary pump 32, that is, the cross-section contour or pro?le of 
the internal gear 3202. Thus, even When the operation of the 
rotary pump 32 causes the motion control device 13 to revolve 
around the rotational axis 3211, the displacement of the yaW 
rate sensor 61 can be diminished, and therefore, it can be 
realiZed to reduce the in?uence of the revolution ?uctuation 
caused by the rotary pump 32 in detecting the yaW rate. 

Also in the case of providing the acceleration sensor 62 for 
detecting the acceleration of the vehicle M, the acceleration 
sensor 62 is arranged on the control board 50 and in the area 
A1 0 Which corresponds to (i .e., is de?ned by the projection on 
the control board 50 of) the cross-section contour or pro?le of 
the largest-diameter rotational part of the rotary pump 32, that 
is, the cross-section contour or pro?le of the internal gear 
3202. Thus, even When the rotation of the rotary pump 32 
causes the motion control device 13 to revolve around the 
rotational axis 32a, the displacement of the acceleration sen 
sor 62 can be diminished, and therefore, it can be realiZed to 
reduce the in?uence of the revolution ?uctuation caused by 
the rotary pump 32 in detecting the acceleration. 

Further, the pulsation frequency of the rotary pump 32 is 
set to be higher than the detection frequency band of the yaW 
rate sensor 61. Thus, even When the motion control device 13 
is vibrated due to the pulsation caused by the operation of the 
rotary pump 32, the in?uence of the vibration generated by 
the operation of the rotary pump 32 can be excluded to the 
utmost because the pulsation frequency is higher than the 
detection frequency band of the yaW rate sensor 61. There 
fore, the accuracy in detecting the vehicle behavior can be 
further enhanced. 

Second Embodiment 

Instead of being applied to a motion control device With a 
rotary pump for a vehicle, the present invention may be 
applied to a motion control device With a piston pump. This 
modi?cation or second embodiment Will then be described 
With reference to FIGS. 8 to 10. FIG. 8 is a schematic front 
vieW, partly in section, of a hydraulic brake system 10 to 
Which a motion control device 13 provided With a piston 
pump 132 for a vehicle M is applied. FIG. 9 is a right side vieW 
of the hydraulic brake system 10, and FIG. 10 is a fragmen 
tary sectional vieW shoWing the piston pump 132. 

Speci?cally, the pump 132 being as piston pump is com 
posed of a pump drive section 13219 drivingly rotated by the 
motor 33 and a plurality (e.g., tWo in this particular embodi 
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14 
ment) of pumping sections 1320 Which perform a pump func 
tion With rotation of the pump drive section 13219. 
As shoWn mainly in FIGS. 9 and 10, the pump drive section 

13219 is provided With an eccentric cam 132b1 Which is 
coupled to the output shaft 33b of the motor 33 to be coaxial 
and rotatable bodily. Each of the pumping sections 1320 is 
composed of a cylinder 13201, a piston 13202 movable to 
reciprocate axially and ?uid-tightly in the cylinder 13201, a 
suction valve 13204 for draWing brake ?uid into a pump 
chamber 13203, and a discharge valve 13205 for discharging 
brake ?uid from the pump chamber 13203. 
The cylinder 13201 is securely press-?tted into the main 

body 23, and the pump chamber 13203 is formed in the 
cylinder 13201 betWeen the cylinder 13201 and the piston 
32102. The piston 13202 is in contact at its one end surface 
With an external surface of the eccentric cam 132b1 Which is 
rotationally driven by the motor 33, and alloWs the external 
surface of the eccentric cam 132191 to slide on the one end 
surface. With rotation of the eccentric cam 132191, the piston 
13202 decreases the volume of the pump chamber 13203 
When axially moved against the resilient force of a return 
spring 13206 and increases the volume of the pump chamber 
13203 When axially returned by means of the resilient force of 
the return spring 13206. 
The suction valve 13204 is provided at a pump chamber 

side end portion of the piston 13202 and is urged by means of 
a spring 13207 to be opened When the pump chamber 13203 
increases its volume and to be closed When the pump chamber 
13203 decreases its volume. The discharge valve 13205 is 
provided at a discharge side end portion of the cylinder 13201, 
that is, on the discharge side of the pump chamber 13203, and 
is urged by means of a spring 13208 to be closed When the 
pump chamber 13203 increases its volume and to be opened 
When the pump chamber 13203 decreases its volume. 

In the piston pump 132 as constructed above, When the 
eccentric cam 132191 is drivingly rotated by the motor 33, the 
piston 13202 is axially reciprocated by the cooperation of the 
eccentric cam 132191 with the return spring 13206 to repeti 
tively increase and decrease the volume of the pump chamber 
13203, and the suction valve 13204 and the discharge valve 
13205 respectively function to feed ?uid from a suction port 
13209 toWard a discharge port 132010. That is, With rotation 
of the pump drive section 132b, each of the pumping sections 
1320 is moved reciprocatingly to perform a pump function. 

The respective pumping sections 1320 are arranged around 
the rotational axis 13211 of the pump drive section 13219 at 
equiangular distance on the same plane intersecting the rota 
tional axis 13211. In the piston pump 132, the rotational axis 
33a of the motor 33 is a center axis of the output shaft 33b and 
is in alignment With the rotational axis 13211 of the pump drive 
section 13219. 

In the motion control device 13 for a vehicle provided With 
the piston pump 132 as described above, the yaW rate sensor 
61, the motor 33 and the pump 132 are arranged to satisfy a 
positional relation that the extending direction of the detec 
tion axis 61a of the yaW rate sensor 61 differs from both of the 
extending directions of the rotational axis 33a of the motor 33 
and the rotational axis 13211 of the pump drive section 1321). 
Thus, When the driving of the pump drive section 13219 by the 
operation of the motor 33 causes a rotational moment around 
the rotational axis 3311, 13211 to be applied to the motor 33 and 
the pump drive section 132b, the yaW rate sensor 61 can be 
suppressed from detecting the rotational behavior or move 
ment of the main body 23 caused by the rotational moment. 
Therefore, it can be realiZed to enhance the accuracy of the 
motion control device in detecting the behavior of the vehicle. 
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Further, the pump 132 is a piston pump and performs a 
pump function through the reciprocating movements of the 
pumping sections 1320 during rotation of the pump drive 
section 1321). Thus, even in the case of the piston pump 132 
being used, the yaW rate sensor 61 can be suppressed from 
detecting the rotational behavior or movement of the main 
body 23 caused by a rotational moment Which may be gen 
erated around the rotational axis 13211 of the motor 33 and the 
pump drive section 13219 When the pump drive section 13219 is 
driven by the operation of the motor 33. 

Further, the pump 132 has the plurality of pumping sec 
tions 1320, Which are arranged around the rotational axis 
13211 of the pump drive section 13219 at equiangular distances 
(e. g., 180-degree interval in the case of tWo pumping sections 
1320) on the same plane intersecting the rotational axis 13211 
of the pump drive section 1321). Thus, even in the case of 
providing the plurality of pumping sections 1320, since the 
load on the pump drive section 13219 is applied With good 
balance to reduce the ?uctuation in rotation, it can be realiZed 
to suppress the vibration of the piston pump 132 to a level as 
loW as possible. 

Further, When the occurrence of vibration With the opera 
tion of the pump 132 causes the motion control device 13 to 
resonate, the frequency of such resonance is higher than the 
detection frequency band of the yaW rate sensor 61. Thus, the 
in?uence of the vibration by the operation of the pump 132 
can be excluded to the utmost, and hence, the accuracy in 
detecting the vehicle behavior can be further enhanced. 

Further, the motion control device 13 is secured directly to 
the bracket 70 Which is secured directly to the vehicle body B 
of the vehicle M, Without using the elastic support members 
81-83. Thus, since the frequency at Which the motion control 
device 13 resonates With the vibration Which may occur With 
the operation of the pump 132 is much higher than the detec 
tion frequency band of the yaW rate sensor 61, the in?uence of 
the vibration by the operation of the pump 132 can be 
excluded to the upmost, and hence, the accuracy in detecting 
the vehicle behavior can be further enhanced. 

Furthermore, the motion control device 13 is supported by 
the bracket 70 With the rotational axis 13211 of the pump drive 
section 13219 or the extension line of the rotational axis 132a 
passing through the area S1 (refer to FIG. 4) Which is de?ned 
by connecting the support points A1-A3 for the motion con 
trol device 13. Thus, When the operation of the pump 132 
causes the motion control device 13 to rotationally ?uctuates 
around the rotational axis 13211, the rotational ?uctuation can 
be absorbed by the bracket 70 in a Well-balanced manner, and 
hence, it can be realiZed to reduce the in?uence Which is 
exerted on the motion control device 13 by the rotational 
?uctuation of the pump drive section 1321). 

Furthermore, the control unit 22 contains the control board 
50, and the yaW rate sensor 61 is arranged on the control board 
50 and in the area A10 (refer to FIG. 6) Which corresponds to 
(or is de?ned by the projection on the control board 50 of) the 
cross-section contour or pro?le of the largest-diameter rota 
tional part of the pump 132, that is, the cross-section contour 
or pro?le of the eccentric cam 132191 in the second embodi 
ment. Thus, When the operation of the pump 132 causes the 
motion control device 13 to revolve around the rotational axis 
13211, the displacement of the yaW rate sensor 61 can be 
diminished, and hence, it can be realiZed to detect the yaW rate 
With reduction being achieved of the in?uence by the pump 
drive section 13219 of the pump 132 ?uctuating rotationally. 

Still furthermore, the acceleration sensor 62 is arranged on 
the control board 50 and in the area A10 Which corresponds to 
(or is de?ned by the projection on the control board 50 of) the 
cross-section contour or pro?le of the largest-diameter rota 
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16 
tional part of the pump 132, that is, the cross-section contour 
or pro?le of the eccentric cam 132191 in the second embodi 
ment. Thus, When the operation of the pump 132 causes the 
motion control device 13 to revolve around the rotational axis 
13211, the displacement of the acceleration sensor 62 can be 
decreased, and hence, it can be realiZed to detect the accel 
eration With reduction being achieved of the in?uence by the 
pump drive section 13219 of the pump 132 ?uctuating rota 
tionally. 

Additionally, the pulsation frequency of the pump 132 is 
set to be higher than the detection frequency band of the yaW 
rate sensor 61. Thus, When the pulsation generated by the 
operation of the pump 132 causes the motion control device 
13 to vibrate, the in?uence of the vibration caused by the 
operation of the pump 132 is excluded to the utmost because 
the pulsation frequency is higher than the detection frequency 
band of the yaW rate sensor 61, and hence, the accuracy in 
detecting the vehicle behavior can be further enhanced. 

Although in the foregoing respective embodiments, the 
motion control device 13 is supported by the three elastic 
support members, there may be used four or more elastic 
support members in supporting the motion control device 13. 
In this modi?ed form, it is desirable that respective support 
directions by at least three of the elastic support members are 
three directions Which are parallel respectively to three coor 
dinate axes of a three-dimensional coordinate system. 

Although in the foregoing respective embodiments, the 
piping arrangement of the brake system is an X-piping fash 
ion in a front-engine front-drive vehicle, it may be a front-rear 
piping fashion in a front-engine rear-drive vehicle. Each of 
the foregoing respective embodiments may use a vacuum 
booster as a booster device or may use another booster device 
of the type that the hydraulic pres sure generated by a pump is 
accumulated in an accumulator to utiliZe the hydraulic pres 
sure accumulated in the accumulator for boost operation. 
Further, the present invention may be applied to a hydraulic 
brake device of a so-called “brake-by-Wire” type. 

Obviously, numerous further modi?cations and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims, the present invention may be 
practiced otherWise than as speci?cally described herein. 

What is claimed is: 
1. A motion control device for a vehicle, comprising: 
a hydraulic unit mounting therein a pump for generating a 

controlled hydraulic pressure applied to respective 
Wheel cylinders of the vehicle; 

a control unit provided With a yaW rate sensor for detecting 
a yaW rate of the vehicle and capable of controlling the 
hydraulic unit, Wherein the hydraulic unit and the con 
trol unit are integrated; 

a bracket secured to a vehicle body of the vehicle; and 
three support members having respective support direc 

tions Which extend respectively in three orthogonal 
directions, and secured respectively to three mutually 
adjoining surfaces of the hydraulic unit for supporting 
the hydraulic unit on the bracket; and Wherein: 

the pump is composed of a pump drive section drivingly 
rotated by a motor and a pumping section for performing 
a pump function With rotation of the pump drive section; 

the motion control device is supported by the bracket 
through the three support members With the rotational 
axis of the pump drive section or an extension line of the 
rotational axis passing through an area Which is de?ned 
by connecting support points at Which the three support 
members support the motion control device; and 
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the three support members secured to the three mutually 
adjoining surfaces of the hydraulic unit are arranged at 
portions each of Which is spaced from one corner point, 
de?ned jointly by the three mutually adjoining surfaces 
of the hydraulic unit, a longer distance than a distance 
betWeen the corner point and a center of an associated 
one of the three mutually adjoining surfaces. 

2. A motion control device for a vehicle, comprising: 

a hydraulic unit mounting therein a pump for generating a 
controlled hydraulic pressure applied to respective 
Wheel cylinders of the vehicle; 

a control unit provided With a yaW rate sensor for detecting 
a yaW rate of the vehicle and capable of controlling the 
hydraulic unit, Wherein the hydraulic unit and the con 
trol unit are integrated; 

a bracket secured to a vehicle body of the vehicle; and 

three support members having respective support direc 
tions Which extend respectively in three orthogonal 
directions, and secured respectively to three mutually 
adjoining surfaces of the hydraulic unit for supporting 
the hydraulic unit on the bracket; and Wherein: 

the pump is composed of a pump drive section drivingly 
rotated by a motor and a pumping section for performing 
a pump function With rotation of the pump drive section; 

the motion control device is supported by the bracket 
through the three support members With the rotational 
axis of the pump drive section or an extension line of the 
rotational axis passing through an area Which is de?ned 
by connecting support points at Which the three support 
members support the motion control device; and 
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the three support members are plate portions bodily formed 

and mutually orthogonal to extend in parallel respec 
tively to the three mutually adjoining surfaces of the 
hydraulic unit. 

3. A motion control device for a vehicle, comprising: 
a hydraulic unit mounting therein a pump for generating a 

controlled hydraulic pressure applied to respective 
Wheel cylinders of the vehicle; 

a control unit provided With a yaW rate sensor for detecting 
a yaW rate of the vehicle and capable of controlling the 
hydraulic unit, Wherein the hydraulic unit and the con 
trol unit are integrated; 

a bracket secured to a vehicle body of the vehicle; and 
three support members having respective support direc 

tions Which extend respectively in three orthogonal 
directions, and secured respectively to three mutually 
adjoining surfaces of the hydraulic unit for supporting 
the hydraulic unit on the bracket; and Wherein: 

the pump is composed of a pump drive section drivingly 
rotated by a motor and a pumping section for performing 
a pump function With rotation of the pump drive section; 

the motion control device is supported by the bracket 
through the three support members With the rotational 
axis of the pump drive section or an extension line of the 
rotational axis passing through an area Which is de?ned 
by connecting support points at Which the three support 
members support the motion control device; and 

the support directions of tWo of the three support members 
are parallel respectively to the front-rear direction and 
the vertical direction of the vehicle. 

* * * * * 


